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$T>0$ , $\Omega$ $\partial\Omega$ $\mathrm{R}^{n}$ , (IBVP
.
$Lu\equiv\Sigma_{j=}^{n}0Aj\partial ju+Bu=f$ in $(0, T)\cross\Omega$
$u\in M$ at $(0, T)\cross\partial\Omega$
$u(0, \cdot)=u_{0}$ on $\Omega$ .
$u=(u_{1}, \ldots, u_{N})$ $\partial_{0}=\partial/\partial t,$ $\partial_{j}=\partial/\partial x_{j},$ $j=1,$ $\ldots,$ $n$ .
$\overline{T}>0$ , $A_{j}(t, x),$ $B(t, X)\in C^{\infty}(\mathrm{R}\mathrm{X}\overline{\Omega})$ $|t|>\overline{T}$ $t$
.
$A_{j}^{*}(t, x)=A_{j}(t, x)$ , $A_{0}(t, x)$ $\mathrm{R}\cross\overline{\Omega}$ .
$M(t, x),$ $(t, x)\in \mathrm{R}\cross\partial\Omega$ $\mathrm{C}^{N}$ , $|t|>\overline{T}$ $t$
. $M(t, x)$ $L$ maximal positive .
$(t, .x)\in \mathrm{R}\mathrm{x}\partial\Omega$ , $\nu(x)=(\nu_{1}(X), \ldots, \nu n(X))$ $x\in\partial\Omega$ $\Omega$
$\mathrm{A}_{b}(t, x)=j\sum_{=1}\mathcal{U}j(X)Aj(t, x)$
, .
$\langle A_{b}(t, X)v, v\rangle\geq 0$ , $\forall v\in M(t, x)$ ,
$\dim M(t, X)=\#$ { $Ab(t,$ $x)$ }.
, “ $f,$ $u_{0}$ regularity , $u$ regularity ?”
.
$A_{b}(t, x)$ rank $\mathrm{R}\cross\partial\Omega$ – . (
[8], [9], [11] ). , $A_{b}(t, x)$ rank $\mathrm{R}\mathrm{x}\partial\Omega$ –
, .
$O^{+}(o^{-})=$ { $(t,$ $x)\in \mathrm{R}\cross\partial\Omega;A_{b}(t,$ $X)$ ( ) }
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$\gamma^{\pm}$ $O^{\pm}$ , $\gamma=\gamma^{+}\cup\gamma^{-}$ , $A_{b}(t, x)$ $(\mathrm{R}\cross\partial\Omega)\backslash \gamma$
, $M(t, x)$ $(\mathrm{R}\cross\partial\Omega)\backslash \gamma$
. $M(t, x)$ .
$M(.t, x)=\{$
$\mathrm{C}^{N}$ on $O^{+}$
$\{0\}$ on $O^{-}$ .
. $(\overline{t},\overline{x})\in\gamma$ $(\overline{t},\overline{x})$
$U$ , $\mathrm{K}\mathrm{e}\mathrm{r}A_{b}(t, x)$ $\gamma\cap U$ rank vector bundle
. $V(t, x)=(v_{1}(t, x),$ $\ldots$ , $v_{p}(t, X))$ ,
$h(t, x)\in C^{\infty}(U)$ $\gamma\cap U$ . $(V^{*}A_{b}V)(t, x)=0$ on $\gamma\cap U$
.
$(V^{*}A_{b}V)(t, X)=h(t, x)A_{(\overline{t}},)\overline{x}(t, x)$ on $(\mathrm{R}\cross\partial\Omega)\cap U$.
.
$A_{h}(t, x)= \sum_{j=0}(\partial jh)(t, X)A_{j}(t, x)$
.
, :
$A_{(\overline{t},\overline{x})}(t, x),$ $(V^{*}A_{h}V)(t, x)$ $\gamma\cap U$ definiteness .
, $V(t, x),$ $h(t, x)$ .
, (IBVP) regularity .
2 Exsistence and uniqueness
regularity , , - .
.
$\phi_{\pm}(t, x)=\{r(x)^{2}+h_{\pm}(t, x)^{2}\}^{1/2}-h_{\pm}(t, x)$ ,
$m(t, x)=\{r(x)^{2}+h(t, x)2\}^{1/}2$ .
$r(x)\in C^{\infty}(\overline{\Omega})$ $\Omega=\{r(x)>0\}$ $dr(x)\neq 0$ on $\partial\Omega$ , $h_{\pm}(t, x)\in$
$C^{\infty}(\mathrm{R}\cross\overline{\Omega})$ $O^{\pm}=(\mathrm{R}\mathrm{x}\partial\Omega)\cap \mathrm{t}h_{\pm}(t, X)>0\}$ , $dh_{\pm}(t, x),$ $\nu(x)$ – on $\gamma^{\pm}$
, $|t|>\overline{T}$ $t$ . $h(t, x)\in C^{\infty}(\mathrm{R}\mathrm{X}\overline{\Omega})$ $\gamma$
. $\emptyset\pm(t, X)$ . . $\cdot$
$\phi_{\pm}(t, x)>0$ in . $(\mathrm{R}\cross\overline{\Omega})\backslash (O^{\pm}\cup\gamma^{\pm})$ , $\phi_{\pm}(t, X)=0$ on $O^{\pm}\cup\gamma^{\pm}$ .
$I=(0, T)$ , $(t, x)$ $a(t, x)$ $a(\mathrm{O}, x),$ $a(T, x)$
$x$ $a(\mathrm{O}),$ $a(\tau)$ .
$L$ formal adjoint $L^{*}$ :
$L^{*}u=- \sum_{0j=}^{n}\partial_{jj}Au+B^{*}u$ .
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$u,$ $v\in C^{0,1}(\overline{I}\cross\overline{\Omega})$ Green .
$(Lu, v)L^{2}(I\cross\Omega)$ $=$ $(u, L^{*}v)_{L(\mathrm{x}\Omega}2I)+ \int_{0}^{T}dt\int_{\partial\Omega}\langle A_{b}u, v\rangle d\sigma$
$+(A_{0}(T)u(T), v(T))L^{2}(\Omega)-(A_{0}(\mathrm{O})u(\mathrm{O}), v(0))L^{2}(\Omega)$ .
$(t, x)\in \mathrm{R}\cross\partial\Omega$ $M(t, x)$ $M^{*}(t, x)$ :




$\mathrm{C}^{N}$ on $O^{-}$ .
Definition 2.1 $\sigma,$ $\tau\geq 0$ . $f\in\phi_{+}^{-\sigma}\phi_{-^{L^{2}}}\mathcal{T}(I\cross\Omega)_{f}u_{0}\in\phi_{+}(\mathrm{o})^{-}\sigma\emptyset_{-}(\mathrm{O})\tau L^{2}(\Omega)$
$u\in\phi_{+}^{-\sigma}\emptyset^{\tau}-L^{2}(I\cross\Omega)$ (IBVP) .
$(u, L^{*}\psi)_{L^{2}(}I\mathrm{X}\Omega)=(f, \psi)L^{2}(I\mathrm{X}\Omega)+(A0(0)u0, \psi(0))L^{2}(\Omega)$
for all $\psi\in C^{0,1}(\overline{I}\cross\overline{\Omega})$ with $\psi\in M^{*}$ at $I\cross\partial\Omega_{\mathrm{Z}}\psi=0$ near $O^{+}$ and $\psi(T)=0$ .
, Proposition . .
Proposition 22 $\sigma,$ $\tau\geq 1$ . $f\in\phi_{+}^{-\sigma}\phi_{-^{L^{2}}}^{\tau}(I\cross\Omega),$ $u_{0}\in\phi_{+}(\mathrm{o})^{-}\sigma\emptyset_{-}(\mathrm{O})\tau L^{2}(\Omega)$
, $f,$ $u_{0}$ (IBVP) $u\in\phi_{+}^{-\sigma}\phi_{-^{L^{2}}}\mathcal{T}(I\mathrm{X}\Omega)$
$||\phi_{+}^{\sigma}\emptyset^{-}-u|\mathcal{T}|_{L(\Omega\rangle}2I\cross\leq C_{1}\{||\emptyset\sigma+\phi_{-}^{-\tau}f||L2(I\cross\Omega)+||\phi_{+}(0)\sigma\emptyset-(\mathrm{o})-\mathcal{T}u_{0}||_{L(}2\Omega)\}$
. $C_{1}=c_{1}(\sigma, \tau)>0$ $f,$ $u_{0},$ $u$ .
Proposition 23 $\sigma,$ $\tau\geq 1$ . $f\in\phi_{+}^{-\sigma}\emptyset_{-^{L^{2}}}^{\mathcal{T}}(I\cross\Omega),$ $u_{0}\in\phi_{+}(\mathrm{o})^{-}\sigma\emptyset_{-}(0)\mathcal{T}L^{2}(\Omega)$
(IBVP) $u$ $u\in\phi_{+}^{-\sigma}\phi_{-}^{\tau}L2(I\mathrm{X}\Omega)$ – .
3 Regularity





$H^{j}(I\cross\Omega),$ $H^{j}(\Omega)$ Sobolev . $H^{j}(I\cross\Omega)$
, $I\cross\partial\Omega$ conormal Sobolev $H^{j}(I\cross\Omega;I\cross\partial\Omega)$
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$X_{(\sigma,\tau)}^{q}(I\cross\Omega;I\cross\partial\Omega)$ . ( [6]
). $\cdot$ :
. . ..
$q\in \mathrm{Z}_{+},$ $q\geq 1$ $\sigma,$ $\tau\geq 0$ , $f\in x_{(-\sigma,\tau)}^{q}(I\mathrm{x}\Omega),$ $u_{0}\in X_{0}^{\text{ }}-\sigma,\mathcal{T})(()\Omega$ .
$u^{(k)},$ $k=0,$ $\ldots,$ $q-1$ . $k=0$ $u^{(0)}=u_{0}$ . $k-1$
$k$ .
$u^{(k)}=( \partial_{00^{1}}^{k1-}-Af)(0)-\sum_{i}k-=01K_{i}u^{(-}-k1i)$ .
, $K_{i}=\Sigma_{j=}^{n}1(\partial^{i}0j)A_{0}^{-1}A(0)\partial_{j}+(\partial_{00}^{i}A^{-}1B)(0)$ . $u^{(k)},$ $k=0,$ $\ldots,$ $q-1$
.
$u^{(k)}\in X_{0(}^{q-}-k\sigma,\tau)(\Omega)arrow X_{0(\sigma,\mathcal{T})}^{1}-(\Omega)arrow(\phi_{+}^{-\sigma_{\emptyset}}\tau-)(\mathrm{o})H^{1}(\Omega)$ .
$(\phi_{+}^{\sigma}\phi_{-)(}^{-}\tau 0)u^{(k)}\in L^{2}(\partial\Omega)$ .
“ ” , $\delta>0$ ,
$P(t, x)\in C^{\infty}((-\delta, \delta)\cross\partial\Omega;MN(\mathrm{C}))$ .
$(t, x)\in(-\delta, \delta)\cross\partial\Omega$ $v\in M(t, x)$ $\Leftrightarrow$ $P(t, x)v=0$ .
Definition 31 $q\in \mathrm{Z}_{+},$ $q\geq 1$ $\sigma,$ $\tau\geq 0$ , $f\in x_{(-\sigma,\tau)}^{q}(I\cross\Omega)_{\mathrm{Z}}u_{0}\in X_{0(\tau)}^{q}-\sigma,(\Omega)$
. $u^{(i)},$ $i=0,$ $\ldots,$ $q-1$ . $f,$ $u_{0}$ $q-1$
.
$( \phi_{+}^{\sigma}\emptyset_{-)(0}^{-}\mathcal{T})\{\sum_{i=0}k(\partial_{0^{P)(\mathrm{o})u^{(-i}\}}}^{i}k)=0$ on $\partial\Omega$ , $k=0,$ $\ldots,$ $q-1$ .
regularlity .
Theorem 32 $q\in \mathrm{Z}_{+},$ $q\geq 1$ $\Sigma(q)>0$ : $\sigma,$ $\tau>\Sigma(q)$ .
$f\in X_{(-\sigma,\tau)}^{\text{ }}(I\cross\Omega;I\cross\partial\Omega)$
$(\partial_{0}^{k}f)(\mathrm{O})=0,$ $k=0,$ $\ldots,$ $q-1$ , $f$ $u_{0}=0$
(IBVP) $u\in x_{(-\sigma,\tau)}^{q}(I\cross\Omega;I\mathrm{x}\partial\Omega)$
$||u||_{\mathrm{x}^{q}}(-\sigma,\tau)(I\cross\Omega;I\cross\partial\Omega)\leq C_{1}||f||_{x_{(}^{q}(I}-\sigma,\tau)\cross\Omega;I\cross\partial\Omega)$
. $C_{1}=c_{1}(q, \sigma, \tau)>0$ $f,$ $u$ .
Theorem 33 $q\in \mathrm{Z}_{+},$ $q\geq 1$ $\Sigma(q)>0$ : $\sigma,$ $\tau>\Sigma(q)$ .
$f\in x_{(-\sigma,\tau)}^{q}(I\mathrm{X}\Omega),$ $u_{0}\in X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$ $q-1$ , $f,$ $u_{0}$
(IBVP) $u\in x_{(-\sigma,\tau)}^{q}(I\cross\Omega;I\cross\partial\Omega)$
$||u||\mathrm{x}_{(\mathcal{T}}^{q}-\sigma,)(I\mathrm{x}\Omega;I\mathrm{x}\partial\Omega)\leq C_{1}\{||f||\mathrm{x}_{(-\sigma,\tau)}^{q}(I\cross\Omega)+||u0||_{X_{0}}q(\Omega)\}(-\sigma,\tau)$
. $C_{1}=C_{1}(q, \sigma, \tau)>0$ $f,$ $u_{0},$ $u$ .
Proposition .
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Proposition 34 $q\in \mathrm{Z}_{+}$ $\sigma,$ $\tau\geq 0$ . $u\in X_{(-\sigma,\tau)}^{q}(I\mathrm{x}\Omega;I\cross\partial\Omega)$,
$Lu\in X_{(-\sigma,\tau)}^{q}(I\cross\Omega)$ , $u\in m^{-q}X_{(-\sigma}q,(\tau)I\cross\Omega)$
$||m^{q}u||xq((-\sigma,\tau)I_{\mathrm{X}}\Omega)\leq C_{1}\{||u||_{X_{(-}}q(I\cross\Omega;I\cross\partial\Omega)+||Lu|\sigma,\tau)|_{X_{(}^{q}}(I\cross\Omega)\}-\sigma,\tau)$
. $C_{1}=C_{1}(q, \sigma, \tau)>0$ $u$ .
Theorem 33, Proposition 3.4 .
Theorem 35 $q\in \mathrm{Z}_{+},$ $q\geq 1$ $\Sigma(q)>q$ : $\sigma,$ $\tau>\Sigma(q)$ .
$f\in X_{(-\sigma,\tau)}^{q}(I\cross\Omega),$ $u_{0}\in X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$ $q-1$ , $f,$ $u_{0}$
(IBVP) $u\in m^{-q}X_{(-}^{q}(\sigma,\tau)I\cross\Omega)$
$||m^{q}u||Xq((-\sigma,\tau)I\mathrm{x}\Omega)\leq C_{1}\{||f||X_{(}^{q}-\sigma,\tau)(I\mathrm{X}\Omega)+||u_{0}||_{X(\Omega)}0q(-\sigma,\tau)\}$
. $C_{1}=c_{1}(q)\sigma,$ $\tau)>0$ $f,$ $u_{0},$ $u$ .
$O^{+},$ $O^{-}=\emptyset$ . $A_{b}(t, x)$ $\mathrm{R}\cross\partial\Omega$
[9] , Theorem 35
.
Proposition 23, Theorem 35 Sobolev .
Corollary 36 $q\in \mathrm{Z}_{+}$ $\Sigma(q)>0$ : $\sigma,$ $\tau>\Sigma(q)$
$f\in X_{(-\sigma}^{q[n/}+,21+1(\mathcal{T})I\cross\Omega),$ $u_{0}\in X_{0(-\sigma,\mathcal{T})}^{q+[/}n2]+1(\Omega)$ $q+[n/2]$
, $u\in\phi_{+}^{-\sigma}\emptyset_{-}^{\tau}L^{2}(I\cross\Omega)$ $f,$ $u_{0}$ (IBVP) .
$u\in m^{q+[n/}\emptyset_{+}21+1-\sigma\phi^{\tau}-^{C^{q}(}\overline{I}\cross\overline{\Omega})$ .
4 Proof of Theorem 3.2
Proposition [6] Theorem 2.1 .
Proposition 41 $q\in \mathrm{Z}_{+}$ $\Sigma(q)>0$ : $\sigma,$ $\tau>\Sigma(q)$ , $\lambda\in \mathrm{C}$
${\rm Re}\lambda$ + . $f\in e^{\lambda t}X_{(-\sigma}^{q},(\tau);\mathrm{R}\cross\Omega \mathrm{R}\cross\partial\Omega)$ ,
$Lu=f$ in $\mathrm{R}\cross\Omega,$ $u\in M$ at $\mathrm{R}\cross\partial\Omega$ $u\in e^{\lambda t}X_{(-}\text{ }(\sigma,\mathcal{T});\mathrm{R}\cross\Omega \mathrm{R}\cross\partial\Omega)$
$||e^{-\lambda t}u||_{X(}(-\sigma,\tau)q\mathrm{R}\cross\Omega;\mathrm{R}\cross\partial\Omega)\leq C_{1}||e^{-\lambda}ft||_{\mathrm{x}_{(\mathcal{T}}^{q}}-\sigma,)(\mathrm{R}\mathrm{X}\Omega;\mathrm{R}\cross\partial\Omega)$
. $c_{1}=^{c_{1}(q,\tau,\lambda)}\sigma,>0$ $f,$ $u$ .
$f\in e^{\lambda t}X_{()}^{q}(-\sigma,\tau \mathrm{R}\cross\Omega;\mathrm{R}\cross\partial\Omega)$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}f\subset\{(t, x);t\geq 0\}$
Proposition 4.1 $u\in e^{\lambda t}X_{(\sigma}^{q},(-\mathcal{T})\mathrm{R}\mathrm{X}\Omega;\mathrm{R}\cross\partial\Omega)$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u\subset\{(t, x);t\geq 0\}$
, Theorem 32 .
Lemma . , [6] Proposition 52 .
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Lemma 42 $\sigma,$ $\tau\geq 1$ . $\Lambda(\sigma, \tau)\in \mathrm{R}$ , $u\in C_{0}^{0,1}(\mathrm{R}\cross\overline{\Omega})$
$u\in M$ at $\mathrm{R}\cross\partial\Omega$ $u=0$ near $O^{-}$ .
$({\rm Re}\lambda-\Lambda(\sigma, \mathcal{T}))||\phi_{+^{\phi_{-}^{\mathcal{T}}e^{-\lambda t}}}^{\sigma}u||_{L^{2}}^{2}((-\infty,0)\mathrm{X}\Omega)\leq c_{1}||\emptyset^{\sigma}+\phi_{-^{e^{-\lambda}L}}\mathcal{T}tu||^{2}L^{2}((-\infty,0)\mathrm{X}\Omega)$.
$C_{1}>0$ $\sigma,$ $\tau,$ $\lambda,$ $u$ .
Theorem 3.2 . $f\in e^{\lambda t}x_{(}^{q}-\sigma,\mathcal{T}$ ) $(\mathrm{R}\cross\Omega;\mathrm{R}\mathrm{x}\partial\Omega)$ $\mathrm{s}\mathrm{u}\mathrm{P}\mathrm{p}f\subset\{(t, x);t\geq 0\}$
, $u\in e^{\lambda t}x_{(\tau)}^{q}(-\sigma,;\mathrm{R}\mathrm{R}\cross\Omega\cross\partial\Omega)$ $f$ Proposition 4.1
. $\{u_{\epsilon}\}\subset C_{0}^{0,1}(\mathrm{R}\mathrm{x}\overline{\Omega})$ .
$u_{\epsilon}\in M$ at $\mathrm{R}\cross\partial\Omega$ , $u_{\epsilon}=0$ near $O^{-}$ ,
$\phi_{+}^{\sigma}\phi_{-^{e^{-}}}\mathcal{T}\lambda tu_{\epsilon}arrow\phi_{+}^{\sigma}\phi_{-}^{\mathcal{T}}e^{-}\lambda tu$ in $L^{2}(\mathrm{R}\cross\Omega)$ as $\epsilon\downarrow 0$ ,
$\phi_{+}^{\sigma}\phi_{-}^{\mathcal{T}-}eLu\epsilon^{arrow}\lambda t$
.
$\phi_{+}\sigma\phi_{-f}^{\tau-\lambda}et$ in $L^{2}(\mathrm{R}\cross\Omega)$ as $\epsilon\downarrow 0$ .
$u_{\epsilon}$ Lemma 42 , $\epsilon\downarrow 0$ .
$({\rm Re}\lambda-\Lambda(\sigma, T))||\emptyset^{\sigma_{\emptyset_{-^{e}}u|}}+\tau-\lambda t|^{2}L2((-\infty,0)\mathrm{x}\Omega)\leq c_{1}||\emptyset^{\sigma}+^{\phi_{-e}^{\mathcal{T}}f}-\lambda t||_{L^{2}}^{2}((-\infty,0)\mathrm{x}\Omega)=0$ .
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u\subset\{(t, X);t\geq 0\}$ .
5 Proof of Theorem 3.3
(IBVP) $u$ , apriori . ([6]
Proposition 10.1 ).
Proposition 51 $q\in \mathrm{Z}_{+},$ $q\geq 1$ $\Sigma(q)>0$ : $\sigma,$ $\tau>\Sigma(q)$






$C_{1}=c_{1}(q, \sigma, \tau)>0$ $u$ .
Theorem 33 Proposition .
Proposition 52 $q\in \mathrm{Z}_{+},$ $q\geq 1_{f}\sigma,$ $\tau\geq 0$ , $f\in X_{()}^{q}-\sigma,\tau(I\cross\Omega),$ $u_{0}\in X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$
$q-1$ . , $q’\in \mathrm{Z}_{+},$ $q’\geq q$
$\{f_{\epsilon}\}\subset H^{q’}(I\mathrm{X}\Omega)f\{u_{0\epsilon}\}\subset H^{q’}(\Omega)$ : $f_{\epsilon}=0$ near $O^{+}\cup O^{-}$ $u_{0\epsilon}=0$ near
$O^{+}\cup O^{-}$ , $f_{\epsilon},$ $u_{0\epsilon}\#\mathrm{h}q’-1$ , $\epsilon\downarrow 0$ .
$mf_{\epsilon}$ $arrow$ $mf$ in $x_{()}^{q}-\sigma,\tau(I\cross\Omega)$ ,
$(\partial_{0}^{k}f_{\epsilon})(\mathrm{o})$ $arrow$ $(\partial_{0}^{k}f\epsilon)(0)$ in $X_{0(-}^{q-}-(1k\Omega)\sigma,\mathcal{T})$ ’ $k=0,$ $\ldots,$ $q-1$ ,
$u_{0\epsilon}$
$arrow$ $u_{0}$ in $X_{0(\sigma,\mathcal{T})}^{q}-(\Omega)$ .
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.
Proposition Theorem 33 , .Proposition 5.1 Proposition 52
, $q’\in \mathrm{Z}_{+},$ $q’\geq q$ , $f_{\epsilon}\in H^{q’}(I\mathrm{x}\Omega),$ $u_{0\epsilon}\in H^{q’}(\Omega)$ $f=0$ near
$O^{+}\cup O^{-},$ $u_{0}=0$ near $O^{+}\cup O^{-}$ , $f,$ $u_{0}$ $q’-1$
Theorem 33 .
$q’=2q+[n/2]$ . [9] Lemma 3.1
, $w\in H^{q+[n/}2$] $+1(I\cross\Omega)$ .
$w\in M$ at $I\cross\partial\Omega$ , $w=0$ near $O^{+}\cup O^{-}$ ,
$w(0)=u_{0}$ , $(\partial_{0}^{k}(Lw-f))(\mathrm{o})=0$ , $k=0,$ $..\alpha’ q-1$ .
$w$ $g=Lw$ , .
$\{$
$Lv=f-g$ in $I\cross\Omega$
$v\in M$ at $I\cross\partial\Omega$
$v(0)=0$ on $\Omega$ .
$g\in H^{q}(I\cross\Omega)$ $g=0$ near $O^{+}\cup O^{-}$ $g\in x_{(-\sigma,\tau)}^{q}(I\mathrm{x}\Omega)$
, $w$ .
$f-g\in X_{(\sigma,\tau)}^{q}-(I\cross\Omega)$ , $(\partial_{0}^{k}(g-f))(\mathrm{o})=0$ , $k=0,$ $\ldots,$ $q-1$ .
Theorem 32 , $v\in x_{(-\sigma,\tau)}^{q}(I\cross\Omega;I\cross\partial\Omega)$
. $u=v+w$ , $u$ $f,$ $u_{0}$ (IBVP)
.
6 Proof of Proposition 5.2
Lemma Proposition 5.2 , .
Lemma 61 $q\in \mathrm{z}_{+},$ $q\geq 1$ $\sigma,$ $\tau\in \mathrm{R}$ , $u_{k},$ $k=0,$ $\ldots,$ $q-1$ $u_{k}\in X_{0(\sigma,\mathcal{T})}^{q-k}(\Omega)$
. $u\in X_{(\sigma\tau)1}^{q}(I\mathrm{x}\Omega)$ $(\partial_{0}^{k}u)(0)=u_{k},$ $k=0,$ $\ldots,$ $q-1$
.
Proposition 52 .
– $f\in X_{()}^{q}-\sigma,\tau(I_{\mathrm{X}}\Omega),$ $u_{0}\in X_{0(-\sigma,\tau)}^{q}(\Omega)$ $q-1$ .
$u^{(k)},$ $k=0,$ $\ldots,$ $q-1$ 3 , $u^{(k)}\in x_{0(\sigma}^{\text{ }-}-k,\tau$) $(\Omega)$
, Lemma 6.1 $(\partial_{0}^{k}u)(\mathrm{o})=u^{(k}),$ $k=0,$ $\ldots,$ $q-1$ $u\in X_{(-}^{q}\sigma,\tau$ ) $(I\mathrm{X}\Omega)$
. $\chi\in C_{0}^{\infty}(\mathrm{R})$ $\chi=1$ near $0$ , $\epsilon>0$ .
$\alpha_{\epsilon}(t, x)$ $=$ $1-\chi(\epsilon^{-1}m(t, X))$ ,
$f_{\epsilon}(t, x)$ $=\alpha_{\epsilon}(t, x)f(t, x)+\Sigma_{j=}n(0\alpha\partial_{j\epsilon})(t, X)A_{j}(t, x)u(t, X)$,
$u_{0\epsilon}(x)$ $=$ $\alpha_{\epsilon}(0, x)u_{0}(X)$ .
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$f_{\epsilon}\in x_{(-\sigma,\mathcal{T})}^{q}(I\cross\Omega),$ $u_{0}\epsilon\in X_{0(\sigma,\mathcal{T})}^{q}-(\Omega)$ , $f_{\epsilon}=0$ near $\gamma$ $u_{0\epsilon}=0$ near $\gamma$
. $f_{\epsilon},.u_{\mathit{0}_{\epsilon}}$ $q-1$ , $\epsilon\downarrow 0$
. .$\cdot$ .
$mf_{\epsilon}$ $arrow$ $mf$ in $x_{()}^{q}(-\sigma,\tau I\cross\Omega)$ ,
$(\partial_{0}^{k}f_{\epsilon})(u_{0}\epsilon 0)$ $arrowarrow$
$(\partial_{0}^{k}f_{\epsilon}u_{0})(0)$ $\mathrm{i}\mathrm{n}\mathrm{i}\mathrm{n}$ $x_{0()}^{0()}q(-\sigma,\mathcal{T}\Omega)x^{q-}-\sigma,\tau(1-k)\Omega.$
’ $k=0,$ $\ldots,$ $q-1$ ,
$f\in X_{(-\sigma,\tau}^{q}$)
$(I\cross\Omega),$ $u_{0}\in X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$ $f_{\epsilon}=0$ near $\gamma$ $u_{0\epsilon}=0$ near $\gamma$
$q-1$ . $\chi\in C_{0}^{\infty}(\mathrm{R})$ $\chi=1$ near $0$
, $\epsilon>0$ .
$\alpha_{\epsilon}(t_{X},)$ $=$ $1-\chi(\epsilon^{-}\phi 1+(t, X)\emptyset-(t, x))$ ,
$f_{\epsilon}(t, x)$ $=\alpha_{\epsilon}(t, x)f(t, x)$ ,
$u_{0\epsilon}(_{X)} =\alpha_{\epsilon}(0, X)u\mathrm{o}(X)$ .
$f_{\epsilon}\in x_{()}^{q}-\sigma,\mathcal{T}(I\cross\Omega),$ $u0\epsilon\in x_{0(-\sigma,\mathcal{T})}^{q}(\Omega)$ , $f_{\epsilon}=0$ near $O^{+}\cup O^{-}$ $u_{0_{\epsilon}}=0$ near
$O^{+}\cup O^{-}$ . $f_{\epsilon}\in H^{q}(I\cross\Omega),$ $u_{0_{\epsilon}}\in H^{q}(\Omega)$
. $f_{\epsilon},$ $u_{\mathit{0}\epsilon}$ $q-1$ , $\epsilon\downarrow 0$
.
$mf_{\epsilon}$ $arrow$ $mf$ in $x_{(-\sigma,\tau)}^{q}(I\cross\Omega)$ ,
$(\partial_{0}^{k}f\epsilon)(0)$ $arrow$ $(\partial_{0}^{k}f\epsilon)(0)$ in $X_{0(-}^{q-}-(1k\Omega)\sigma,\mathcal{T})$ ’ $k=0,$ $\ldots,$ $q-\cdot 1$ ,
$u_{0\epsilon}$
$arrow$ $u_{0}$ in $X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$ .
$f\in H^{q}(I\cross\Omega),$ $u_{0}\in H^{q}(\Omega)$ $f_{\epsilon}=0$ near $O^{+}\cup O^{-}$ $u_{0\epsilon}=0$ near $O^{+}\cup O^{-}$
$q-1$ . $A_{b}(t, x)$ $(I\cross\Omega)\cap \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}f$
[9] $\text{ }$ Lemma 330 $\mathrm{A}\mathrm{a}\text{ }$ , $q’\in \mathrm{Z}_{+},$ $q’\geq q$ ‘\leftarrow \tilde
$\{f_{\epsilon}\}\subset H^{q}(I\cross\Omega),$ $\{u_{0\epsilon}\}\subset H^{q’}(\Omega)$ : $\delta>0$ $\epsilon$
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}f_{\epsilon}\subset(\overline{I}\cross\overline{\Omega})\cap\{\phi_{+}>\delta, \phi_{-}>\delta\}$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u0_{\epsilon}\subset\overline{\Omega}\cap\{\phi_{+}(0)>\delta, \phi_{-}(0)>\delta\}$
, $f_{\epsilon},$ $u\text{ _{}\epsilon}$ $q’-1$ , $\epsilon\downarrow 0$ .
$f_{\epsilon}arrow f$ in $H^{q}(I\cross\Omega)$ , $u_{0\epsilon}arrow u_{0}$ in $H^{q}(\Omega)$ .
$\{f_{\epsilon}\},$ $\{u_{0\epsilon}\}$ , support $\epsilon\downarrow 0$ .
$mf_{\epsilon}$ $arrow$ $mf$ in $x_{(-\sigma,\tau)}^{q}$ (I $\mathrm{X}\Omega$),
$(\partial_{0}^{k}f\epsilon)(0)$ $arrow$ $(\partial_{0}^{k}f\epsilon)(0)$ in $X_{0(-}^{q-}-(1k\Omega)\sigma,\mathcal{T})$ ’ $k=0,$ $\ldots,$ $q-1$ ,
$u_{0\epsilon}$
$arrow$ $u_{0}$ in $X_{0(-\sigma}^{q},(\mathcal{T}))\Omega$ .
Proposition 52 .
, Lemma 6.1 . Lemma $\sigma,$ $\tau=-q$
. , – $\sigma,$ $\tau\in \mathrm{R}$ ,
$u=\phi_{+}^{\sigma+q}\phi_{-}\tau+qv$ $v\in X_{(-q,-q)}^{q}(I\cross\Omega)$ .
$\sigma,$ $\tau=-q$ . .
$\Omega=\mathrm{R}_{+}^{n}=\{x;x_{1}>0\}$ , $r=x_{1}$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u_{k}\subset\{_{X},\cdot|x|<1, x_{1}>0\}$ .
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, $u\in X_{(-q,q}^{q}(-)+)I\cross \mathrm{R}^{n}$ .
$u(t, x)$ $=$ $k= \sum_{0}^{q-1}wk(t-, x)$ ,
$w_{k}(t, x)$ $=$ $\psi(t)t^{k}x(t(\emptyset+\emptyset_{-})(t, x))\int v_{k}(x+ty)\rho(y)dy$.
$\psi\in C_{0}^{\infty}(\mathrm{R}),$ $\chi\in C_{0}^{\infty}(\mathrm{R}),$ $\rho\in C_{0}^{\infty}(\mathrm{R}^{n})$ .
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\psi\subset\{t;|t|<\delta\}$ , $\psi=1$ near $0$ ,
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\chi\subset\{S;|s|<1\}$ , $\chi(0)=1$ ,
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\rho\subset\{y;|y|<\epsilon, y_{1}>\epsilon/2\}$ , $\int\rho(y)dy=1$ .
$\delta,$ $\epsilon>0$ . , $k=0,$ $\ldots,$ $q-1$ .
$v_{k}\in x_{0(q,-q)}^{q-}-(k\mathrm{R}_{+}n)$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}v_{k}\subset\{x;|x|<1, x_{1}>0\}$ .
$w_{k},$ $k=0,$ $\ldots,$ $q-1$ .
$w_{k}\in X_{(-q,-}^{q}q)(I\mathrm{X}\mathrm{R}_{+}^{n})$ , $(\partial_{0}^{k}wk)(0)=v_{k}$ ,
$k\geq 1$ $(\partial_{0}^{i}w_{k})(0)=0$ , $i=0,$ $\ldots,$ $k-1$ .
$v_{k},$ $k=0,$ $\ldots,$ $q-1$ Lemma 6.1 .
References
[1] $\mathrm{K}.\mathrm{O}$ .Riedrichs, The identity of weak and strong extensions of differential operators,
Trans. Amer. Math. Soc. 55 (1944), 132-151.
[2] $\mathrm{K}.\mathrm{O}$ .Riedrichs, Symmetric positive linear differential operators, Comm. Pure Appl.
Math. 11 (1958), 333-418.
[3] L.H\"ormander, Linear Partial Differential Operators, Springer-Verlag, 1963.
[4] $\mathrm{P}.\mathrm{D}$ .Lax and $\mathrm{R}.\mathrm{S}$ .Phillips, Local boundary conditions for dissipative symmetric linear
differential operators, Comm. Pure Appl. Math. 13 (1960), 427-455.
[5] T.Nishitani and M.Takayama, A characteristic initial boundary value problem for a
$symmet7\dot{\mathrm{u}}C$ positive system, Hokkaido Math. J. 25 (1996), 167-182.
[6] T.Nishitani and M.Takayama, Regularity of solutions to characteristic boundary value
problem for symmetric systems, to appear in “Geometrical optics and related topics”
$\mathrm{e}\mathrm{d}\mathrm{s}$ . F.Colombini and N.Lerner, Birkhauser.
[7] M.Ohno, Y.Shizuta and T.Yanagisawa, The initial boundary value problems for linear
symmetric hyperbolic systems with characteristic boundary, Proc. Japan Acad. 67
(1991), 191-196.
68
[8] J.Rauch, $Symmet_{\dot{\mathcal{H}}C}$ positive systems with boundary characteristic of constant multi-
plicity, Trans. Amer. Math. Soc. 291 (1985), 167-187.
[9] J.Rauch and F.Massey III, Differentiability of solutions to hyperbolic initial-boundaw
value problems, Trans. Amer. Math. Soc. 189 (1974), 303-318.
[10] D.Tartakoff, Regularity of solutions to boundary value problems for first order $sy_{S}-$
tems, Indiana Univ. Math. J. 21 (1972), 1113-1129.
[11] T.Yanagisawa and A.Matsumura, The fixed boundary value problems for the equations
of ideal Magneto-Hydrodynamics with a perfectly conducting wall condition, Comm.
Math. Phys. 136 (1991), 119-140.
69
